To study the clinical efficacy and safety of Fecal microbiota transplantation (FMT). We systematically reviewed FMT used as clinical therapy.
INTRODUCTION
Interest is growing rapidly worldwide for fecal microbiota transplantation (FMT) as a ''natural'' therapy from both patients'-and physicians' perspective. FMT is popular among some patients because it is not associated with adverse effects from regular medicinal therapy. Apart from offering a potentially efficacious therapy, FMT provides an ideal human model to study the influence of modulating the microbiota in various (pre-)disease states. The oldest account of FMT dates back to the 4 th century, when a Chinese physician named Ge Hong produced a paper, in which he advised to consume fresh stool from a healthy neighbour when suffering from severe diarrhea [1] . The first report in the medical literature concerned four patients who were successfully treated with FMT for pseudomembranous colitis in 1958 [2] . Since that time several case series on FMT have been published mainly on refractory and recurrent Clostridium difficile infection (CDI), but also for other intestinal diseases such as ulcerative colitis (UC) and irritable bowel syndrome (IBS) [3] [4] [5] [6] . From the 1990's FMT has been reported in chronic constipation, Crohn's disease (CD), pouchitis, metabolic syndrome, chronic fatigue syndrome, idiopathic thrombocytopenic purpura and even in multiple sclerosis [7] [8] [9] [10] [11] [12] [13] .
By performing a systematic review we aimed to provide a comprehensive assessment of the efficacy and safety of fecal microbiota transplantation used as clinical therapy for various diseases and pre-clinical conditions. Clinical efficacy of FMT was presented per indication. In addition, we described safety data, route of administration and criteria used for selection and screening of donors.
MATERIALS AND METHODS
This study was executed according to 27 items included in The PRISMA statement for reporting systematic reviews [14] . All available articles in the English language on clinical efficacy and safety of FMT used as clinical therapy in human subjects were included in this systematic review. These studies included randomized controlled trials (RCTs) that compared FMT with standard medical therapy or other active comparators, placebo or no intervention. Observational studies including case-control, cohort studies and case-series (number of patients treated greater than one) were also included. The search was not restricted to disease type, pre-clinical condition, year of publication, publication status or length of follow-up (FU). FMT was defined as administration of a suspension of donor feces (either fresh or frozen) into the gastrointestinal tract. If an unclear definition of treatment was given, studies were not included; bacteriotherapy with a suspension of specific bacterial groups was not regarded as FMT. This systematic review was not registered a priori nor was a protocol published prior to the start of the study. In the nature of this study, no request was performed for ethics committee approval.
Outcome measures
Efficacy of FMT was assessed by clinical improvement as defined by the authors in the included studies. Clinical improvement was defined as a resolution of diarrhea in CDI and, if available, the proportion of patients free from relapse during the follow-up period, clinical remission and/or clinical improvement in UC and CD, and clinical improvement in pouchitis, constipation and IBS. In metabolic syndrome, clinical improvement after FMT was defined as the effect on peripheral insulin sensitivity. Secondary outcomes included: the proportion of patients who experienced any adverse event (AE), withdrawal due to adverse events, serious adverse events (SAE's) (deaths or hospitalization) and adverse events potentially associated with fecal 5360 May 7, 2015|Volume 21|Issue 17| WJG|www.wjgnet.com transplantation including perforation, post-transplant sepsis or bacteremia, and transmission of communicable disease.
Search strategy and selection criteria
We searched MEDLINE, EMBASE, and the Cochrane Library from inception to July 2013 using the search terms "feces", "faeces", "stool", or "microbiota" combined with, "donor", "donation", "transplantation", "therapy", "infusion" or "bacteriotherapy" with assistance of a clinical librarian. Conference proceedings: European Crohn's and Colitis Organization (ECCO 2009 to 2013); the United European Gastroenterology Week (UEGW 2010 to 2013); the European Congress of Clinical Microbiology and Infectious Diseases (ECCMID 2012 to 2013); the Infectious Diseases Society of America (IDSA 2003 to 2012); Digestive Disease Week (DDW 1979 to 2013); and the American College of Gastroenterology (ACG from 2010 to 2013) were searched to identify abstract publications. The search was limited to human subjects and English written articles. References from review articles were also searched to identify applicable studies that may have been missed by the database searches.
Data extraction
Records were imported into a bibliographic database and duplicates were removed manually. Where possible, those with potential overlaps in patient populations were identified before the analysis. In case of any uncertainty of duplicate data or where missing data were encountered, the author was contacted. Two authors (NGR and EMdV) independently assessed articles by title and abstract to determine eligibility. Full text articles were obtained for all studies deemed to be potentially eligible. Disagreements were resolved by discussion and consensus. The first author extracted data on the patient group (P), intervention (I), comparison (C) and outcome (O). Included studies were categorized according to indication for FMT. If patients received FMT for multiple indications [e.g., inflammatory bowel disease (IBD) and CDI] patients were categorized according to the condition for which the primary endpoint of the study was established.
Methodological quality of included studies
The Cochrane risk of bias tool was used to assess the methodological quality of the included RCT's, each study was assessed for sequence generation, allocation concealment, blinding, handling of incomplete outcome data, selective outcome reporting and other sources of bias [15] . These items were rated as low (e.g., the study was double-blind and an identical placebo was used), high (e.g., study was open label), or unclear risk of bias (e.g., procedures for blinding were not adequately described). As no validated tool for the assessment of risk of bias in observational studies was available, we used the eight criteria for quality assessment of case series, published by Chambers et al [16] . These criteria address both quality of reporting as risk of bias. Each study was assessed for: adequate reporting of eligibility criteria, representative patient population, reporting measures of variability, reporting of loss to follow-up, follow-up of at least 90% of the included patients, prospective inclusion, consecutive recruiting of patients and relevant prognostic factors. These items were rated as "yes" or "no" resulting in an overall rating of "good", if the answer was ''yes'' to all eight criteria; "satisfactory", if the answer was ''yes'' to criteria 2, 4-7 and "poor", if the answer was not ''yes'' to one or more of the criteria listed for ''satisfactory.''
Statistical analysis
The efficacy of treatment was compared across studies per treatment category. If more than one RCT was available per indication, a meta-analysis on efficacy of treatment was performed as appropriate. We intended to pool the data for meta-analyses if the patient groups, outcomes and interventions were sufficiently similar. This was determined by consensus. For case series, a summary of efficacy of treatment was reported. The overall treatment effect of FMT was calculated as the percentage of patients who received FMT and achieved clinical improvement per treatment category. All analyses were carried out on an intentionto-treat (ITT) basis. As such, dropouts or withdrawals before the completion of the studies were considered to be treatment failures. If possible, the presence of heterogeneity among studies was assessed using the χ 2 test, the I 2 statistic was used to assess the degree of inconsistency between the trials [17] . Sensitivity analyses were performed to investigate statistically significant heterogeneity. A sensitivity analysis was conducted to determine the impact of trial quality on the overall results. Trials deemed to be at high risk of bias were excluded from the analysis to see if the results changed. Efficacy of FMT was compared per route of administration (nasogastric or nasoduodenal tube infusion vs infusion into the colon vs retention enema). Data were analyzed using the SPSS statistics 20 software.
RESULTS

Study selection
After duplicate removal, the search yielded 2029 records. Based on screening of title and abstract 1817 records were excluded, mainly because the topic did not pertain to FMT. For the remaining 212 records, reasons for exclusion are shown in Figure 1 . Forty-five studies met the inclusion criteria and were included in the review. Only two RCTs were found, all other studies were retrospective series or pilot studies.
Risk of bias within studies
A quality assessment of included case series is presented in Table 1 . Forty-two case series were rated as "poor", only one of the included case series was and not routinely used in 1981 [2, 50] . Assessment of Clostridium toxin in the stool was not performed in all studies to confirm the diagnose CDI before treatment, nor to assess whether there was adequate clearance of CDI after treatment. Most of the studies measured clinical response with regard to patients' symptoms. The diagnoses of IBD was confirmed by pathology in three studies [5, 53, 55] , the other four studies did not confirm the diagnoses of IBD beyond clinical diagnoses by the treating physician [51, 52, 54, 56] . Pinn et al [57] did not describe criteria for the diagnoses of IBS and included patients with diarrhea-predominant, constipationpredominant and IBS patients with alternating stool pattern. Landy at al [9] confirmed chronic refractory pouchitis clinically, endoscopically and histologically. Borody et al [58] defined chronic constipation as a stool frequency of once every four to seven days associated with symptoms. Vrieze et al [10] used the following criteria for recruiting patients with a metabolic syndrome: a body mass index > 30 kg/m 2 or waist circumference > 102 cm and a fasting plasma glucose level > 5.6 mmol/L. Follow-up varied between ten days to eight years in CDI, 12 wk to 16.5 years in IBD, six to 18 mo in IBS, four weeks in pouchitis, one to 28 mo in constipation and six weeks in metabolic syndrome. Of the 45 included studies, two were randomised trials of FMT for CDI and metabolic syndrome, in which FMT was compared with active comparators or placebo respectively. van Nood et al [18] conducted an openlabel, RCT in patients with CDI in which the infusion of donor feces was preceded by a short regimen of vancomycin and bowel lavage, a standard vancomycin rated as "satisfactory". None of the case series was considered to be of "good" quality. In 15 of the 43 case series, patients were prospectively included. Quality assessment of two included randomised studies is shown in Table 2 . The study performed by Vrieze et al [10] was rated as high methodological quality on four out of five items, the study by van Nood et al [18] was rated as "high" methodological quality on three items. A sensitivity analysis to determine the impact of trial quality on the overall results could not be properly executed, due to the overall "poor" assessed quality of the included case series. Excluding the 32 case-series deemed to be at high risk of bias for sub-analyses of efficacy of fecal transplantation in CDI would result in determination of treatment effect in only one case series qualified as "satisfactory" compared to the only RCT included for this indication. In IBD, all included 7 studies were assessed equally as "poor" quality, which made further comparison between studies impossible.
Patients, treatment information, and donor screening
The studies were published between 1958 and 2013. A total number of 1029 patients underwent FMT. The clinical efficacy of FMT was assessed in patients with: CDI [2, (n = 883), IBD [5, [51] [52] [53] [54] [55] [56] (n = 112), IBS [57] (n = 13), pouchitis [9] (n = 8), constipation [58] (n = 3) and metabolic syndrome [10] (n = 10 randomised to the donor feces arm). Age of the included patients varied widely from 6 to 94 years. Two studies on fecal transplantation in pseudomembranous colitis published in 1958 and 1981 were regarded as fitting the diagnoses of CDI although determination of Clostridium toxin was not available in the first study (2) was the selected population representative of that seen in normal practice? (3) was an appropriate measure of variability reported? (4) was loss to follow-up reported or explained? (5) were at least 90% of those included at baseline followed up? (6) were patients recruited prospectively? (7) were patients recruited consecutively? and (8) Automated biased coin minimization, computer generated randomisation not in the paper but verified by the first author; 2 Not described; rated as unclear for this item; 3 Patients were randomised to either allogenic or autologous feces a, open label design; 4 All patients completed the study; two subjects were excluded from analyses because of antibiotic use during the trial unrelated to the microbial infusion, all except one patient (due to a clinically driven protocol deviation) were taken into the intention to treat analyses.
regimen, or a standard vancomycin regimen with bowel lavage. Vrieze et al [10] conducted a doubleblind placebo controlled trial, which compared the infusion of fecal intestinal microbiota from lean donors to autologous microbiota infusion in male recipients with metabolic syndrome. The remaining 43 included studies were uncontrolled case series, in which patients were treated with FMT via the upper gastrointestinal tract (tube infusion via the stomach, duodenum or jejunum or oral ingestion of gelatin coated capsules containing microbes after centrifugation of a suspension of donor feces) or via the lower gastrointestinal tract or colon (infusion via the endoscope channel into the terminal ileum, coecum or sigmoid or rectal infusion by enema's). Infusion via the upper GI route supposedly leads to more profound replacement of the microbiota in the small bowel and proximal colon. The mode of infusion for each study was categorized into administration via the upper GI tract (U), colon (C) or retention enema (C e ) Table 3 . The amount of fresh feces prepared for infusion or the amount of infused fecal suspension was reported in 23 studies and varied from 30 to 250 g of fresh stool, 20 mL to 350 mL of fresh stool, 6 to 8 tablespoons of fresh stool in studies in which the amount of prepared feces per treatment was reported and 30 to 700 mL fecal infusion if the amount of infused suspension after adding saline solution was reported. FMT regiments varied between single treatments to 14-d regiments ( Table 3) . Different donors were used among studies; donors could be family friends, partners, relatives, friends or unrelated healthy subjects. Relation of the donor to the patient was expressed in 3 categories: "genetically related" (e.g., 1 st or 2 nd degree relative), "sharing the same household"; (e.g., partner) or "other" (e.g., healthy volunteer) ( Table 3) . Table  4 shows the protocol for screening of fecal donors as used in the two RCT's [10, 18] . In 2013, already an optimized screening protocol for fecal donors was published by the same authors [59] , which concerns not only the risk for transmission of infectious diseases, but also to the risk of transmitting other (autoimmune) diseases with regard to several conditions that may be transferred through feces.
Efficacy of FMT in CDI and IBD
CDI: In 33 case series published on CDI, the efficacy of FMT (defined as "resolution of diarrhea") ranged from 87.8% to 90.0% in repeated FMT's, comparable to a treatment effect of 81% to 94% in repeated FMT's in the single published RCT. Treatment efficacy > 80% was achieved in severe and complicated CDI [47] , hospitalized patients [45] , immunocompromised patients [26, 41] , patients with > 3 episodes of CDI in their medical history [32] and patients with underlying IBD [38, 44] . Resolution of diarrhea and relapse-free FU (reported in 21 out of 34 studies) was 80.9% (range 46% to 100%). Number, age and gender of patients enrolled, additional clinical data on patient group, duration of follow-up, primary outcome and the percentage of included patients free from relapse during follow-up are shown in Table 5 .
IBD:
Of patients treated with FMT for IBD, six patients were treated for CD and 106 for UC; four UC patients treated by Greenberg et al [56] . had concomitant CDI. All patients had active disease at inclusion varying from mild disease activity to therapy refractory disease. Location of IBD was reported in three out of seven studies. CD was located ileocolonic (n = 3) and restricted to the colon (n = 1) in the series published by Vermeire et al [55] . Extent of disease in UC was mostly a pancolitis [52, 53] . Response to therapy was measured by five different assessments in UC: patient reporting of symptoms on a questionnaire comparing pre-and post-FMT data [56] ; (clinical) Mayo score [53, 60] ; the total Mayo score [51] ; the Paediatric UC Activity Index in children [52] ; and the modified Powell-Tuck index [5] . In CD, two different clinical evaluation tools were used: "patient reporting of symptoms on a questionnaire comparing pre-and post-FMT data" [56] and the Crohn's Disease Activity Index [55] . Five of the included studies used endoscopy for evaluation of mucosal response. Patients underwent endoscopy shortly after treatment (range 1 d to 90 d) [51, 53, 54] , or on the longer term (1-198 mo, 34% of the patients were evaluated by endoscopy) in UC [5] . CD patients were evaluated by endoscopy eight weeks after FMT [55] . Clinical outcome data (measured by different standards) for FMT in IBD are shown in Table 6 . In three of six studies on UC in which clinical remission was reported the percentage of patients who achieved clinical remission varied between 0% and 68% [5, 52, 53] . Clinical improvement was reported in six studies and varied between 20% and 92% [5, [51] [52] [53] [54] 56] . In CD, the four patients treated by Vermeire et al [55] did not experience clinical improvement after FMT.
Greenberg et al [56] reported "improved frequency of disease flares" in 63% of the patients; combined for both UC and CD, results for "improvement of diarrhea" were reported separately, and one out of two treated CD patients reported a decrease in diarrhea frequency.
In the four CD patients in whom an endoscopy was performed 8 wk after treatment, no endoscopic benefit was observed [55] .
FMT in other indications
In total, three patients were treated for chronic constipation as part of a case series on FMT in both chronic constipation and UC [58] . In 100% of the patients there was complete reversal of constipation; defecation occurred one to two times per day without laxatives with an accompanying resolution of most associated symptoms such as episodic nausea and vomiting, bloating and abdominal pain, after FMT. Pinn et al [57] treated 13 IBS patients, resolution or WJG|www.wjgnet.com Table 3 Treatment [9] , none of these patients achieved clinical remission after FMT measured by the pouch disease activity index, but two patients demonstrated a change to a ciprofloxacin sensitive bacteria following FMT. In a series of 18 male subjects diagnosed with a metabolic syndrome there was a statistically significant increase in peripheral insulin sensitivity measured by Hyperinsulinemic-Euglycemic Clamp (median rate of glucose disappearance changed from 26.2 to 45.3 μmol/kg per minute; P < 0.05) of recipients treated with donor feces compared to placebo [10] .
Safety of fecal transplantation
SAE's were reported in 34 out of 45 studies. In total, 35 (3.4%, all CDI cases) of 1029 patients, were reported to have died and 10 (0.97%) (out-)patients were hospitalised during FU. The number of AE's, withdrawal due to AE's, AE's potentially associated with FMT and SAE's are reported in (Table 3) . One patient died from aspiration during sedation for FMT administered via colonoscopy, which was considered to be related to the FMT procedure [37] . Four patients were reported to have died from complicated CDI with small bowel involvement confirmed at autopsy (n = 1), a toxic megacolon due to persistent CDI one month after FMT (n = 1), and complicated CDI not further specified (n = 2) [39, 48, 50] . A severely ill patient treated with FMT for CDI, died of a peritonitis which could be related to treatment [49] . In the other 29 patients the cause of death was not related to CDI illness or of unknown cause. Reasons for hospitalisation included: cecal perforation during FMT treated with colectomy (n = 1), symptomatic choledocholithiasis (n = 1) and not further specified in eight patients [18, 25, 37] . Reported AE's associated with FMT (Table 3) were mostly self-limiting and occurred frequently within hours after infusion. Intestinal reported symptoms were: bloating, flatulence, belching and abdominal cramps, remaining IBS-like symptoms after CDI clearance post FMT, abdominal discomfort, irregularity of bowel movements and vomiting. In 11 patients (all treated for IBD; three for CD and eight for UC) fever, without other clinical symptoms or signs of sepsis, was reported during and up to one day after FMT [51] [52] [53] 55] . No causative agents were identified by blood culture, but a rise in CRP was measured in some of these patients. Fever disappeared within three days in all patients. Withdrawal due to treatment intolerance (leaking of enemas for three days) occurred in one adolescent [52] . Less likely related reported AE's were: fatigue, itchiness, erythema, paraesthesia on the hip, collapse, and blisters on the tongue. A superficial mucosal tear caused by the FMT via colonoscopy was reported. Transmission of communicable diseases due to FMT did not occur in any patient. Hospitalised; 7 Post infectious IBS (1). antibiotic treatment for urinary tract infections (2) . Antibiotics for perioperative prophylaxis of a hip replacement (1). None of these 3 patients relapsed with CDI despite the antibiotic therapy; 8 (94%) had diarrhea, cramping (31%) and belching (19%): symptoms resolved within 3 h. During FU 3 patients who were treated with donor feces (19%) had constipation; 9
Fever: blood cultures were taken, but no bacterial pathogen was detectable (2); 10 Fever; 11 Intolerance with immediate leaking of enemas for 3 consecutive days; 12 Daily for 5 d. NM: Not mentioned; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.
Additional analyses
In CDI patients, the proportion of patients who achieved resolution of diarrhea after administration of FMT via the upper GI tract: 84.2% (n = 150), into the colon: 89.4% (n = 326) and per retention enema:
88.5% (n = 102) was comparable, P = 0.26. In the majority of UC patients (72%), mode of administration of FMT was not reported. In CD, not from all six patients the route of administration was reported and a comparison of efficacy of treatment according to Screening according to van Nood et al [18] and Vrieze et al [10] . infusion manner could not be made. A comparison of efficacy in age groups < 65 and > 65 years could not be executed due to a wide range and large overlap in age of the patients in the included case series.
DISCUSSION
The results from 33 case series suggest that fecal transplantation is a highly effective therapy for CDI with response rates up to 90% resolution of diarrhea. This is corroborated with a treatment effect of 81% to 94% in repeated FMT in the only randomized trial to date. All included studies reported > 50% efficacy, even in immunocompromised, severely ill and elderly patients, which was much higher than the 31% efficacy reported in patients treated with a standard regimen of vancomycin for CDI in the comparative arm of the randomized trial [18] . Comparable results were achieved for infusion of fecal content into either the upper GI tract, the colon or per retention enema. Studies on FMT in UC reported remission rates between 0% and 68%. Clinical improvement varied between 20% and 92%, but was measured using five different scales in six studies. The high response rate of 92% reported by Borody et al [5] is exceptional. This was a retrospective study, which is prone to inherent selection bias. Based on only six patients reported in the literature from two series, no clinical benefit of FMT has been observed in CD. In the single randomized trial to date on FMT in male subjects diagnosed with metabolic syndrome there was a statistically significant increase in insulin sensitivity of recipients treated with donor feces compared to placebo [10] . Positive results were achieved in small case series on chronic constipation (complete reversal of the disease in all three treated patients) and IBS (resolution or improvement of symptoms in 70% of 13 patients). FMT did not result in clinical remission in eight chronic refractory pouchitis cases, but in two patients a change in ciprofloxacin sensitivity was observed in cultures from coliform bacteria after FMT.
FMT was accompanied by mild, self-limiting gastrointestinal symptoms in the majority of patients. Transient fever was reported in 11 patients, with the striking finding that this occurred only in CD and UC patients. In 1029 treated patients, two possible related deaths occurred: one patient died from aspiration during sedation for FMT administered via colonoscopy and a severely ill CDI patient died of a peritonitis which could be possibly related to treatment. Transmission of communicable diseases due to FMT was not observed in any patient. In our own experience with more than 120 FMT's via the nasojejunal route, as described in literature, transient fever only occurred in two UC patients and not occur in patients with CDI or metabolic syndrome. As long as the tip of the nasojejunal catheter is checked prior to infusion for adequate position in the duodenum, aspiration of fecal contents does not constitute a problem. Furthermore, we have not encountered transmission of microbial pathogens. In our opinion, FMT could be incorporated in clinical practice for CDI if there is adequate in house facilities. Currently, patients with IBD should only be treated in clinical trials, since there is a paucity of evidence in these patients.
The evidence for FMT in this systematic review is mostly based on case series of poor quality, with the exception of two RCT's in CDI and metabolic syndrome, both from our own institution. Worldwide, FMT became quickly part of clinical care rather than an experimental treatment in series on CDI and IBD. Follow-up data were retrospectively collected in a selection of patients up to 16.5 years after treatment in 65% of the included series, which could have resulted in publication and selection bias. After agreement with the authors, four studies were excluded because of duplicate data (overlap of conference proceedings and corresponding full publication or overlap between patient populations) [58, [61] [62] [63] . In four articles, the first authors could not confirm overlap between patient populations and we choose not to exclude these studies, which could have led to over-or underestimation of primary and secondary outcome data presented in this review [24, 29, 37, 43] . The strength of our study also harbors its limitation. By including conference proceedings we strived to collect all available data on this novel treatment modality. However these abstract reports were brief and lacked details on the methods used for screening and FMT treatment. This approach bears the risk of reporting on studies that have not gone through the process of peer review.
More robust data on FMT will become available in the next two to three years. Currently, there are 12 trials on IBD; seven on UC, two on CD and three on IBD in general, and ten trials on CDI registered on clinical trials.gov. Fifteen of these studies are randomized trials. Single studies are registered for metabolic syndrome, IBS, pouchitis and healthy volunteers examining the restoration of the patient' s fecal microbiota after antimicrobial exposure. All of these trials will give rise to new research questions including preferred route of administration, and the number of FMT's needed to attain remission or cure. In addition, by using FMT as a highly informative human model of the interaction between the gut microbiome and the host, a wealth of data will be generated regarding the pathophysiology of several diseases.
In conclusion, FMT appears to be highly effective in Clostridium difficile-infection and may be a promising therapy in ulcerative colitis. Infusion of donor feces significantly increased insulin sensitivity in male patients with a metabolic syndrome. As for Crohn's disease, chronic constipation, pouchtis and IBS data are still too limited to draw conclusions. FMT is performed according to not yet standardized treatment protocols and despite the absence of infectious complications in 1029 patients reported in this review, vigilant surveillance of adverse events is needed. More randomized controlled data on the long-term efficacy of FMT as well as translational data on the impact of modulating the patient's microbiota by the infusion of donor feces and all its contents are still warranted.
COMMENTS
Background
Fecal Microbiota transplantation (FMT) was first reported in the literature in 1958. Since that time, approximately 500 patients who received FMT were reported in the literature for different indications: infectious diarrhea [Clostridium difficile-infection (CDI)], gastro-intestinal diseases [inflammatory bowel disease (IBD), irritable bowel syndrome (IBS), pouchitis, constipation) and Metabolic Syndrome. The majority these patients received FMT for CDI, which was proven as a more effective therapy when compared to treatment with antibiotics in a randomized controlled trial. FMT is widely used as clinical therapy for a wide range of indications whereas the available evidence in the literature is scarce.
Research frontiers
In order to accurately assess the application of FMT, the authors systematically reviewed the clinical efficacy and safety of FMT in different indications.
Innovations and breakthroughs
FMT is highly effective in CDI, and holds promise in ulcerative colitis. As for Crohn's disease, chronic constipation, pouchitis and IBS data are too limited to draw conclusions. FMT increases insulin sensitivity in metabolic syndrome. Based on the current results, FMT can be considered as a safe treatment in the studied population.
